Nineteen PI and TAC clones, which have been precisely localized to the fine physical map of Arabidopsis thaliana chromosome 5, were newly sequenced, and their sequence features were analysed. The total length of the clones sequenced was 1,456,315 bp. Together with the previously reported sequences, the regions of chromosome 5 that have been sequenced to date is now 5,310,105 bp. When the sequences determined in this study were subjected to similarity search against protein and expressed sequence tag (EST) databases and analysis with computer programs for gene modeling, a total of 354 potential proteincoding genes and/or gene segments were identified. The average density of the assigned genes and/or gene segments was one gene per 4,114 bp. Introns were identified in 75% of the potential protein genes, and the average number per gene and the average length of the introns were 3.7 and 194 bp, respectively. These sequence features are essentially identical to those in the previously reported sequences. The numbers of the Arabidopsis ESTs matched to each of the predicted genes have been counted to monitor the transcription level. The sequence data and gene information are available on the World Wide Web database KAOS (the Kazusa Arabidopsis data Opening Site) at http://www.kazusa.or.jp/arabi/. Key words: Arabidopsis thaliana chromosome 5; genomic sequence; P i genomic library; TAC genomic library; gene prediction.
TAC (Transformation-competent Artificial Chromosome, Two types of genomic clones of A. thaliana Columbia, Mitsui Plant Biotechonolgy Research Institute, Japan) PI and TAC, which are respectively represented by libraries by means of polymerase chain reaction (PCR) adding "M" and "K" to the first letters of the clone using marker-specific primers. The isolated PI and TAC names, were used as the templates. The average inclones were then precisely localized by PCR on the yeast sert length of the PI and TAC clones was approxiartificial chromosome (YAC) contig map 2 and our fine mately 80 kb. The PI and TAC clones containing the physical map of chromosome 5, 3 prior to shotgun-based DNA regions which cover a total of 19 DNA markers sequence analysis. We already reported the sequences of on chromosome 5 were isolated by screening the Mita total of 3.85 Mb which are covered by 50 PI clones. 4 " 6 sui PI and TAC libraries by PCR with the primers deIn this paper, we newly determined the sequences of 19 signed from the sequence information of DNA markadditional PI and TAC clones. Gene organization and ers. The DNA markers and selected clones (in parenstructural and functional information of the likely genes theses) are mi97 (MBK20), MROll_Left end (MZF18), in the sequenced regions, deduced by computer-aided CIC5D7L (K18P6), mi323 (K15E6) The nucleotide sequence of each PI or TAC insert was determined according to the bridging shotgun method described previously. 4 
"
6 The length of the nucleotide sequence of each PI or TAC insert finally confirmed is indicated in parentheses after the clone name at the top of Fig. 2 . The DNA regions sequenced in this study was 1,456,315 bp long. Therefore, the total length of the sequenced regions of chromosome 5 including those previously reported are summed up to 5,310,105 bp. Chromosome 5 [Vol. 5,
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Assignment of the Potential Coding Regions
Assignment of potential protein coding regions and gene modeling were performed by similarity search and computer prediction, as described in the previous papers. 4 " 6 In brief, similarity search against the non-redundant protein sequence database, owl (release 29), was carried out using the BLASTP 7 program, and information obtained were integrated into the gene models constructed with the aid of following computer programs: Grail, 8 FEXA in GeneFinder 9 ER (Murakami, K., personal communication), ASPL in GeneFinder, 9 GENSCAN 10 and NetPlantGene programs.
11 The transcribed regions were assigned by comparison of the nucleotide sequences with Arabidopsis ESTs 12 ' 13 in the non-redudant library of GenBank (release 104) and EMBL (release 52) using the BLASTN program. 7 The potential protein-coding regions assigned were divided into three categories. A single exon or a region containing consecutive multiple exons showing similarity to a single reported gene throughout the alignment was assigned as a potential protein gene. They were denoted by numbers with the clone names followed by sequential numbers from one end to another of the insert. A region which matched only to portions of a reported gene and only to Arabidopsis ESTs were assigned as a potential exon(s) and a transcribed region, respectively. These regions were denoted by adding "p" and "t" between the clone names and the sequential numbers in the identifiers, respectively. All the genes and gene segments assigned in each PI and TAC clone according to the above procedure are schematically represented in Fig. 2 , and the assignment data are listed in the table below each figure. To sum up, 281 potential protein genes, 24 potential exons, and 49 transcribed regions were assigned in the 1,456,315 bp regions. The number of genes and gene segments assigned so far in the total of 5,310,105 bp, including the previously reported sequences, is 1,236, and an average density of the genes in the three categories is estimated to be one gene per 4,296 bp. However, it is possibile that additional genes may be discovered in the future among the genes and gene segments assigned so far, because our prediction is principally based on similarity to the registered sequences.
In addition to the protein coding regions, RNA coding regions were assigned on the basis of sequence similarity to the reported structural RNAs, and of prediction by the tRNAscan-SE program 14 in the case of tRNA genes. As indicated in Fig. 2, 9 tRNA genes corresponding to 7 amino acid species and 2 snRNA genes (U6-1 and Ula) were identified in the 1,456,315 bp regions. These genes are denoted with the clone names followed by "r" and sequential numbers. 
Structural Features of the Potential Protein Genes
The complete structures of 281 potential protein genes were predicted in this study. Structural features of these genes as well as those of 744 genes including those previously identified are listed in Table 1 . They amount to approximately 3.7% of the total gene constituents (20,000 genes) assumed for A. thaliana. Approximately 78% of the potential genes contained introns, and the average number per gene and their average length were 3.9 and 183 bp, respectively. The GC content of exons (44%) is significantly higher than that of introns (32%).
Expression Level of the Potential Protein Genes and Gene Segments
The nucleotide sequence of each of the potential protein genes and gene segments was compared with those in the Arabidopsis EST database, and the number of matched Arabidopsis ESTs was counted. Of the 354 genes and gene segments that we have identified on chromosome 5 in this study, 155 carried matched ESTs, and 604 out of 1,236 genes and gene segments identified so far matched ESTs, suggesting that the current EST database represents 48.9% of the gene complement in A. thaliana. The putative products of the genes hit by 10 or more EST files include those showing sequence similarity to pyruvate kinase in the plastid of Nicotiana tabacum (mxc20.10), 30s ribosomal protein in the chloroplast precursor in Spinacia oleracea (kl8p6.1), and small Ras-like GTP-binding protein in A. thaliana (mcol5.11). These genes are suggested to be a class of highly expressed genes. The sequence data as well as the gene information shown in this paper are available through the World Wide Web at http://www.kazusa.or.jp/arabi/. 
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